The purpose of this study was to investigate previous reports of a scrapie-specific 1.2 kb singlestranded DNA observed in alkaline agarose electrophoresis gels. Protocols were developed to be as consistent as possible with those used previously. Partial subcellular fractionation was applied to the brains of hamsters clinically affected by the 263K strain of scrapie. Nucleic acids were then isolated, and compared electrophoretically to nucleic acids isolated from equivalent fractions, made from the brains of hamsters inoculated with normal brain. Several modifications to the protocols were suggested. Results obtained by using these modifications were compared to results obtained using the original protocols. Scrapie-specific DNA was not observed in a total of eleven consecutive experiments. Thus, these results do not support the hypothesis that the agents of transmissible spongiform encephalopathy contain a single-stranded 1.2 kb DNA species as previously described.
Introduction
The transmissible spongiform encephalopathies (TSEs) are a group of infectious diseases characterized by spongiform degeneration in the brain (Fraser & Dickinson, 1968) . The TSE agents do not produce cytopathic effects in vitro, fail to evoke any known immune response in the host and the nature of the infective agent has still not been defined. A slow virus hypothesis is still credible, but requires a virus with several unique properties to provide the very unusual pathogenic characteristics of the disease (Bruce et al., 1994; Prusiner, 1995) .
One of the distinguishing features of TSE disease is the conversion of the normal-form prion protein (PrP c) into the TSE-associated form (Basler et al., 1986) . In scrapie, the main difference between normal PrP c and PrP scrapie (PrP se) is thought to be a conformational change which produces isoforms of PrP with relative resistance to proteinase K digestion (PrP 1~es) (McKinley eta] ., 1983; Stahl et a]., 1993).
Some believe that PrP Res alone is the infectious agent (i.e. PrP Res= prpSe). However, PrP se protein from infected animals has never been purified to homogeneity and so it has not been possible to test this hypothesis directly. Bessen et al. (1995) have shown conversion of PrP c to PrP Res in a cell-flee Author for correspondence: Lynne Bountiff. Present address: Institute for Animal Health, Compton, Nr Newbury, Berks RG20 7NN, UK. Fax +44 1635 577263. e-mail Bountiff@BBSRC.ac.uk system in a manner which can generate the proteinase Kresistant isoforms isolated from the drowsy and hyperactive transmissible mink encephalopathy natural disease types. Thus, it has been suggested that no additional informational molecules other than PrP Res are required to account for TSE strain differences, but it has not yet been established that cellfree induced PrP Res molecules are infectious. Furthermore, PrP se isolated from 139A strain-affected mice show differences in proteinase K digestion profiles when the source tissue is brain or spleen (Rubenstein eta] ., 1991) , and yet produce identical disease characteristics. Thus, different isoforms of PrP se revealed by proteinase K digestion do not necessarily specify different strain characteristics. This suggests that the causative agent contains some form of agent-specified informational molecule but to date no TSE-specific molecules have been identified. There is no known disease agent that does not carry its inheritable information in the form of a genome of nucleic acid and the host's own nucleic acids are often affected by a virus in a way that reflects the mechanism of replication of that virus. Thus, there are prima facie reasons for searching for a nucleic acid that may be the genome of the TSE agents, or may illuminate the mechanisms of pathogenesis of TSE diseases. Many efforts to demonstrate nucleic acid involvement have been reported (Alper et al., 1967; Aiken et aI., 1990; Akowitz et al., 1994; Adams, 1972; Borras eta]., 1982; Bountiff, 1983; Duguid & Dinauer, 1989; Lax et al., 1982; Manuelidis & Manuelidis, 1981; Meyer et al., 1991 reproducibly observed and is associated with either infectivity or disease.
During an electron microscopy study of scrapie-infected hamster brain (Narang, 1990) , single-stranded (ss) DNA fragments of around 1"2 kb were reported and it has been proposed that this ssDNA is part of the scrapie agent (Narang, 1991) . Narang (1993) reported a 1"2 kb ssDNA molecule isolated from scrapie-affected hamster brain tissue. The molecule was visualized in an alkaline agarose gel containing ethidium bromide. According to the literature (Sambrook et al., 1989) , ethidium bromide will not bind to any nucleic acid at pH :> 10. The pH of the alkaline electrophoresis running buffer is > 1I'6. Thus, if ethidium bromide is included in the gel, fluorescence in association with nucleic acid should not be seen until the pH is reduced by soaking the gel in water or neutralizing buffer. The reported ssDNA molecule was visible at pH > 11 and migrated to a region defined as 1"2 kb by ssDNA markers which became visible only after reduction of pH in the gel by soaking in water. Thus, identification of the 1"2 kb ssDNA was made using unusual techniques, offering a possible explanation for the failure of others to detect it. Our objectives were to follow carefully the procedures used in the original work and, if possible, to obtain an independent verification of the observations of a 1"2 kb ssDNA in alkaline gels. In addition, duplicate nucleic acids samples were examined using standard molecular biological procedures. Several modifications to the original procedures were also incorporated in an attempt to maximize the opportunity of finding the 1"2 kb DNA.
Methods
• Scrapie model. The model studied was the 263K strain of scrapie in Syrian hamsters. Animals were inoculated intracerebraIly with 50 l~l of normal hamster brain (controls), or 50 p.1 of clinical scrapie brain (scrapieaffected animals). A 10 ~ dilution of brain was used for all but preparation 12, where a 10 -1 dilution was used to reduce the incubation period (Kimberlin & Walker, 1977) .
For preparations I to 7, scrapie-affected animals reached the accepted clinical endpoint around day 70 post-inoculation. In the original experiments nucleic acids may have been isolated from hamsters at a later stage in the disease. Previously published studies (Kimberlin & Walker, 1979) showed that at this late stage the titre of scrapie agent is either the same, or slightly lower, than at the accepted clinical endpoint. Nevertheless, since keeping animals to a late stage in the clinical phase might allow the buildup of the putative scrapie-specific DNA to detectable levels, permission was obtained from the Home Office to prolong the lives of the hamsters to day 90 for preparations 8, 9, 10 and 1i and to day 73 for preparation 12.
Scrapie diagnostic features of (1) vacuolation, (2) astrocytosis and (3) the presence of PrP s° deposition were assessed by J. Geddes (Dept of Neuropathology, LHMC) using standard histopathological and immunocytochemical methods (Fraser & Dickinson, 1968; McBride et al., 1988) .
• Preparations of brain for isolation of nucleic acids. Preparations of equal numbers of brains from control and clinically sick hamsters were made concurrently to try to eliminate day-to-day variations in experimental conditions. Homogenization by hand in Dounce homogenizers, in 0'32 M-sucrose, 10 mM-MgC12, was done either on individual brains which were then pooled, or on pooled brains. After homogenization, nuclei were sedimented at 725 g. A pellet of microsomes and mitochondria was then prepared by ultracentrifugation of the postnuclear supematant in a Beckmann 70Ti rotor for 60 min at 4 °C and 40000 g~v. according to Narang (1993) or at 47800 gav. according to Narang et al. (1991) . This pellet was resuspended in I0 mM-MgC12. RNase (Sigma R5125) dissolved in water, and DNase (Sigma D4263) were added to each resuspended pellet to give 1000 units of each enzyme per brain equivalent; these suspensions were incubated at 37 °C for 90 rain, with mixing every 15 min by sucking up and down in a pipette. The volume of each nuclease-treated pellet was then made up to 36 ml with 5 mM-EDTA, 20 mM-Tris pH 8-5 at 4 °C followed by ultracentrifugation at 40 000 or 47800 g~v. (as above). The pellets obtained were drained well and resuspended in TE (20 mM-Tris pH 8"5, 5 mM-EDTA) to 1 ml per brain equivalent. To each resuspended pellet, proteinase K (Boehringer Mannheim) dissolved in 0"5 mM-EDTA, 1 M-Tris pH 8"5 was added to a final concentration of 20 mg/ml; these suspensions were incubated at 46 °C for 1"5 h with mixing every 15 min as before. SDS was then added to 0"5%. Nucleic acids were isolated by standard phenol~hloroform techniques (Sambrook et al., I989) .
• Modifications to the preparation procedure. Small quantities of nucleases might remain in the preparation after the second 40000--47800 g spin. Putative species of nucleic acids protected by a 'coat' (such as a viral core) would become deprotected by the proteinase K digestion in the next step, and subsequently degraded by any residual nuclease. Thus, in preparations 7 and 11, the nuclease inhibitor aurintricarboxylic acid (ATA) (Hallick et al., 1977) was added to 1 p.M to aliquots of the nucleic acid prior to the addition of proteinase K.
It was also possible that the 1"2 kb ssDNA was being lost during the preparative steps. Thus, in addition to nucleic acids prepared according to Narang (1993) , nucleic acids were isolated from the fractions usually discarded. Specifically, ATA was added to l pM to the 47800g supernatant followed by centrifugation at 100 000 g. Nucleic acids were then isolated from the 100 000 g pellets and supematants. In preparations 3 and 5 small aliquots were also removed from the resuspended 40 000 g pellets both before and after nuclease digestion and prior to proteinase K digestion.
Preparations 1 to 7, made using glass pipettes, were compared to preparations 8, 9, 11 and 12 where all centrifuge tubes, microfuge tubes and pipettes were siliconized polyallomer. This treatment was included to obviate the possibility that the ssDNA may have been lost through adherence to a vessel surface during processing.
All nucleic acids prepared using these modifications were subjected to the same electrophoretic examinations as in Narang (1993) and Narang et al. (1991) .
• Absorbance scans of the normal and scrapie samples. Aqueous aliquots of nucleic acid were diluted further in water and an absorbance scan from 200 to 320 nm was made. Additional scans from 200 to 900 nm were made of preparations 5 and 12 to check for the presence of substances also absorbing in the visible range.
• Pre-electrophoresis preparation of nucleic acid samples for loading onto gels. These procedures were followed for DNA standards as well as nucleic acids isolated from animals to allow characterization of the pre-electrophoresis incubations and electrophoresis systems used. The DNA standards used were M13 ss and ds replicative forms, HindIII digest of ,~ DNA and pBR328 DNA digested first with BglI and second with HinfI (all from Boehringer Mannheim). 
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The amounts of these were adjusted to compare with the amounts of nucleic acids present in the preparations of nucleic acid made from hamster brain, i.e. 1 lag per incubation. Narang (I993) attributed the unusual behaviour of the 1"2 kb ssDNA in alkaline gels to its structure of multiple copies of the hexamer TACGTA (the recognition sequence for the restriction enzyme SnaBI). Therefore, 10 ~tg of sheared T7 dsDNA (Sigma D8135) was included as a DNA standard as it contains several SnaBl restriction sites in close proximity to one another.
For alkaline gels, nucleic acids were incubated according to Narang (1993) : aliquots of nucleic acids were dissolved in water, and made 300 mM in NaOH in a minimum total volume of 50 lal. To provide molecular mass standards, aliquots of the same nucleic acids were dissolved in TE buffer. After incubation at 65 °C for 90 min, condensates were collected by brief microfugation. Alkaline loading buffer from a 6 x concentrated stock solution [300 mM-NaOH, 6 mM-EDTA, 18% Ficoll (type 400; Pharmacia) in water, 0'15 % bromocresol green, 0'25 % xylene cyano[] was added to give a I x final concentration.
After alkaline pre-electrophoresis treatment, nucleic acids were examined in standard Tris-acetate-EDTA (TAE) buffered neutral gels (Sambrook et al., 1989) as well as in alkaline gels. Nucleic acids given the alkaline pre-electrophoresis treatment, or incubated in water or TE at 65 °C for 90 rain without alkali, were loaded onto neutral TAE gels using appropriate gel loading buffer.
For TAE gels, gel loading buffer from a 6 x stock solution [0"25 % bromophenol blue, 0'25% xylene cyanol, 15% Ficoll (type 400;
Pharmacia) in water] was added to give a I x final concentration.
• Modifications to the pre-electrophoresis treatment of nucleic acids. During the pre-electrophoresis treatment of nucleic acids, the low volume, excessive temperature and heating time may have resulted in evaporation, thus increasing the concentration of NaOH, and resulting in degradation of the nucleic acids. Therefore nucleic acids were incubated using pre-electrophoresis conditions modified to increase the volume to 100 lal, reduce the temperature to 60 °C, decrease the NaOH concentration to 50 mM and reduce the time of incubation to 60 min. The results were compared with those obtained with nucleic acids treated by the published methods (Narang, I993) . Nucleic acids were also incubated using the standard molecular biology conditions usually applied to hydrolyse RNA in mixed RNA-DNA preparations [200 mM-NaOH at 60 °C for 15 rain followed by neutralization with HCl and acetic acid (Sambrook et al., 1989) ].
It was also considered possible that insufficient nucleic acids, measured in terms of brain equivalents, were used in the pre-electrophoresis treatment, thus eliminating any 'protective' effect against degradation by the NaOH that large quantities of nucleic acids, in the form of a precipitate, might exert. Published data (Narang, 1993) suggest that 0"5 brain equivalents gave sufficient nucleic acid to see the 1"2 kb band in the alkaline gels before reduction in pH. Since 5 brain equivalents were used in the pre-electrophoresis treatment (Narang, 1993) , alkaline incubation and electrophoresis of up to 5 brain equivalents per well of the geI was done according to Narang (1993) . In our study, absorbance measurement of nucleic acid prepared by the previously published techniques suggests a total of 1-1-5 I~g per 5 brains. To test for the putative 'protective' effect, 22 ~,g of hamster brain-derived DNA and RNA, and up to 10 I~g of DNA standards were examined. In addition, microgram quantities of ss-and dsDNA standards were added to incubations of the hamsterderived nucleic acids in 300 mM-NaOH at 65 °C for 90 min, to act as protectors. The 1"2 kb fluorescent band seen in the original ethidium bromide-containing alkaline gel at pH > 11"6 (Narang, 1993) was very intense, possibly due to a micro-environment of suitably low pH being created within an aggregate. Since DNA is precipitated by magnesium in the presence of NaOH, the effects of high magnesium (150 mM) in the NaOH pre-electrophoresis incubation were examined. Also, high concentrations of ethidium bromide added to DNA can cause aggregation: thus 20 lag ethidium bromide was added to nucleic acids before and after the pre-electrophoresis incubation.
Polysaccharide-like molecules have been reported by different groups to co-purify with scrapie prions (Meyer et al., 199I) and might co-purify with phenol-extracted nucleic acids from the hamster brains, and thus protect DNA from degradation by NaOH in the pre-electrophoresis incubation of samples for alkaline gels. To ~est this hypothesis 10 ~l of lipopolysaccharide from Bacteroides (a gift from J. P. Maskell, Dept of Molecular Medicine, LHMC) or 20 lag of the heavy metal-binding polysaccharide from Zoogloea ramigera (Sigma PI914) were included in the alkaline incubations of nucleic acids.
• Preparation of gels for electrophoresis. Both TAE and alkaline gels were formed on 7 x 10 cm gel trays. For TAE gels, a 1% matrix was made by melting agarose in I x TAE buffer (40 mM-Tris--acetate pH 7-6, I mM-EDTA). Before pouring, ethidium bromide was added to 0"5 lag/ml. For alkaline agarose gels a 1% matrix was made by melting agarose in water, cooling to 50 °C and adding NaOH and EDTA to give final concentrations of 30 mM and 2 mM respectively. For most alkaline gels, ethidium bromide was then added to give a final concentration of 2"5 lag/ml. A range of final concentrations from 0'5 to 5 p.g/ml was also examined to see if a particular concentration of ethidium bromide might be required to achieve fluorescence of the I'2 kb DNA in an alkaline gel.
• Preparation of electrophoresis running buffers. For the TAE gels I x TAE containing 0"5 I~g/ml ethidium bromide was used. For the alkaline gels 50 mM-NaOH, 1 mM-EDTA buffer containing 2"5 lag/ml ethidium bromide was used.
• Electrophoresis running conditions and visualization of nucleic acids. The TAE gels were electrophoresed at 100 mV constant until the dye front was I cm from the gel end and were then photographed under UV transillumination. The alkaline gels were electrophoresed at 50 mV constant until the dye front was about 7"5 cm from the wells and were also photographed under UV transillumination. The alkaline gel was then soaked in water to reduce the pH until the molecular mass markers became visible when placed on a UV transilluminator. In one experiment, after electrophoresis, the alkaline gel was soaked in 150 mM-MgCI 2 for 60 rain prior to reduction of the pH.
• Modifications to the electrophoresis running conditions.
The horizontal gel system is usually run submerged in buffer to a depth of 1 to 2 ram. It was suggested that the alkaline gel should be run with the buffer in each of the electrode compartments just level with the surface of the gel (i.e. semi-immersed), in low-volume tanks. To try to control for phenomena that may have resulted from these unusual electrophoresis techniques, these gels were compared to gels electrophoresed using standard molecular biology procedures.
Results

Characterization of gel systems
The incubation technique described by Narang (1993) using 0"3 M-NaOH for 90 rain at 65 °C, prior to running alkaline gels, was characterized by examining standard nucleic acids incubated in this way in both neutral TAE and alkaline agarose gels. This showed that the technique, and all modifications made to it in this study, degraded all types of nucleic acids examined. This included the ss and ds forms of M13 DNA, ds T7 DNA, molecular mass markers of endo->_37.'-nuclease digests of 2 and pBR322 DNAs and both DNA and RNA isolated from the brains of scrapie-affected and normal hamsters. These nucleic acids were not degraded by preelectrophoresis incubation using standard molecular biology techniques or incubation without NaOH.
The addition of 150 mM-MgC12 or an excess of ethidium bromide caused the DNA to precipitate, as expected, and was also found to produce fluorescence in alkaline gel conditions without reduction of pH. However, this precipitated DNA remained in the well of both TAE and alkaline gels and did not migrate.
TAE gels indicated that some protection of nucleic acids from degradation was observed when Bacteroides lipopolysaccharide or the heavy metal-binding polysaccharide (Norberg & Persson, 1984) were included in the alkaline incubation. However, in alkaline gels they appeared to form a fluorescent aggregate with ssM13 and HindlII digest of ,a DNA, and this aggregate, like the MgC12-induced aggregate, did not migrate into the gel.
The modifications to the alkaline electrophoresis running conditions did not significantly alter the degree of degradation or the migration characteristics of any of the DNA standards. However, differences in the pH in the electrode compartments were observed. For the submerged gel the pH at the negative pole was 12 and that at the positive pole was 11. In contrast, for the semi-submerged gel the negative pole was at pH 11 and the positive pole was at pH 9"5.
Examination of hamster-derived nucleic acids in TAE gels
The quality and quantity of mitochondrial DNA bands seen in TAE electrophoresis gels were used as a bench-mark for a preparation of nucleic acids likely to contain the 1"2 kb band (H. K. Narang, personal communication). In normal and scrapie-affected hamster brain nucleic acids (preparations 4, 5 and 6) only one band of 16 kb was seen, typical of mitochondrial DNA. In preparations 3, 8, 9, i0 and 12 and in preparation 7 (Fig. i a, lanes I, 2, 3 and 4) there appear to be multiple bands migrating in the mitochondrial region in both the normal and scrapie-derived nucleic acids. By eye, the amounts of two of these DNA molecules matched well with the amounts published originally (Narang, I993) . This indicated that the extraction method now reproduced that which gave the original observation of the 1"2 kb band in ethidium bromide-containing alkaline gels. In Fig. I , the faster of these bands migrates in a manner typical of mitochondrial DNA. The band of apparently higher molecular mass may be sheared nuclear DNA, and the highest molecular mass band could be the concatomeric form of mitochondrial DNA reported by Aiken et al. (1989) and Narang et al. (1991) who saw this form only in the nucleic acids from scrapie-affected hamster brains. The results presented here indicate that when normal and scrapie-brain nucleic acids are extracted at the same time, they contain the same number of bands in this region, and suggest that the concatomeric form of mitochondrial DNA is not a hamster scrapie-related phenomenon, but varies according to some factor in the preparation procedure.
In several preparations, increased amounts of scrapie-brain nucleic acids were seen migrating with apparent lengths in the range 50 to 550 bp. Such alterations in the levels of DNA molecules in this size range have been reported before, but are not agent-specific. For example, the band at around 550 nucleotides is possibly the mitochondrial 'D' loop DNA reported to be elevated in scrapie by Aiken et al. (1990) . Fig.  l(a) , lanes 2 and 4 shows that there are nucleic acids that are only observed when nuclease activity is eliminated prior to the proteinase K digestion step. These are perhaps protected by a 'coat' during the nuclease digestion step as is the mitochondrial DNA. Such protected nucleic acids have been identified in normal hamsters, and hamsters affected by hamster-passaged Creutzfeldt-Jakob disease agent (Akowitz et al., 1994) . However, no scrapie-specific nucleic acids were observed.
As expected, the nucleic acids isolated from the I00 000 g pellets and supernatants and the second high-speed centrifugation pellets were seen to contain, in addition to mitochondrial DNA, sheared nuclear DNA and bands that had the same apparent migration as ribosomal RNA. No qualitative differences between scrapie and normal samples could be detected. The electrophoretic pattern of nucleic acids isolated after nuclease digestion, but before proteinase K digestion, was very similar to those of nucleic acids isolated after proteinase K digestion. This suggests SDS is probably almost as effective at releasing nucleic acids from mitochondria as is proteolysis.
No significant difference were observed when nucleic acids isolated from late-stage disease were compared to early clinical phase. Likewise, no differences in yield were seen when preparations made using glass pipettes were compared to preparations made using siliconized polyallomer plastic-ware.
Examination of hamster-derived nucleic acids in alkaline agarose gels
Fluorescence due to ethidium bromide binding to nucleic acids was not seen in any of the alkaline gels prior to pH reduction. When additions to the pre-electrophoresis incubations were used that produced DNA aggregation, e.g. 150 mM-MgC12, the aggregates fluoresced but remained in the wells of the gel. However, soaking the gel for 60 min in 150 mM-MgCl 2 after electrophoresis, prior to the reduction of pH, presumably did not induce this aggregation (of migrated DNA) as fluorescence was not observed. After reduction of the pH in water, the DNA standards incubated Without alkali and used as molecular mass markers were revealed. In addition, smears of low molecular mass nucleic acids of 100 to I000 bp were seen in the lanes corresponding to the samples treated with the published alkaline pre-etectrophoresis conditions (Narang, 1993) . Several modifications were made to the published incubation conditions including changes in volume, temperature, NaOH concentration and incubation time. Modifi-GO "M Gn cations were also introduced to the preparation of nucleic acids. Examination of the hamster-derived nucleic acids by these modified methods, the original methods, and standard molecular biology methods failed to reveal the 1"2 kb band in the alkaline gels.
Absorbance scans
Absorbance scans of each preparation typically showed approximately 1 ,g of nucleic acids per 5 normal brains and 1'5 ~tg per 5 scrapie brains, with yields consistent from preparation to preparation.
Discussion
Twelve preparations of nucleic acids were made. The observation of one or more bands in the mitochondrial size range in TAE gels was used as an indicator that the preparation of nucleic acids had proceeded in a manner likely to give the 1"2 kb scrapie-specific ssDNA in alkaline gels at pH > 11. Of the eleven preparations run in TAE gels, only the first two failed to give single or multiple bands in the mitochondrial size range. Of those nine preparations that showed mitochondrial bands, eight were examined in alkaline agarose gels and on no occasion was the 1"2 kb band observed.
Several modifications were made to the alkaline preelectrophoresis incubation of nucleic acids to try to eliminate putative degradation of a 1"2 kb band caused by the harshness of the treatment. Results with DNA standards had indicated that these modifications would not alter the outcome sufficiently to account for a complete loss of the 1"2 kb band in incubations. In accord with these results, using the modified incubation conditions, the 1"2 kb DNA was still not observed. Fluorescence in association with ethidium bromide could be achieved at pH > 11 only by aggregation of DNA. Since this fluorescent aggregate did not migrate into the gel and was seen in normal and standard nucleic acid samples as well as the scrapie sample it was unlikely to be aggregation of the scrapiespecific 1"2 kb ssDNA. Attempts to induce this aggregation within the gel, after electrophoresis, by soaking in 150 mMMgC12 also failed to reveal a I-2 kb band.
Modifications made to electrophoretic running conditions did not produce results significantly different to those made on the same samples in alkaline gels electrophoresed under standard molecular biology conditions. For the semi-immersed gel, the structure of the electrophoresis tank prevents equilibration of the buffers in the electrode compartments other than through the agarose gel matrix. From the pH values recorded above, it is feasible that a pH gradient may exist in the semi-immersed gel matrix. At a point in this gradient below pH 10, ethidium bromide should be able to bind to, and fluoresce with, nucleic acids when exposed to UV light, Thus, during electrophoresis towards the positive electrode, it is possible that the nucleic acids may migrate to a region where they become visible. However, it is unlikely that this offers an explanation for the observation of the 1"2 kb band since in the original observations (Narang, 1993) , smaller, faster migrating nucleic acid species only became visible after dilution of the NaOH. Throughout this study, using a variety of types of nucleic acids, both commercially prepared standards and animal-derived, fluorescence of ethidium bromide in association with nucleic acid could never be demonstrated before reduction of the pH in the alkaline agarose gel to below pH 10.
Despite all the modifications to the preparation of brains, i.e. using late stage disease animals, using increased numbers of brains, inhibition of nucleases, examining fractions from sequential steps throughout the preparations, using varied 'g' forces for ultracentrifugation and preventing adherence of nucleic acids to vessel walls, there were no bands seen in TAE gels of a scrapie preparation that were not present, albeit in lesser amount, in the equivalent normal preparation. On no occasion was a 1"2 kb band observed in alkaline gels, either above pH 11, or after reduction of the pH to below 8.
Absorbance measurements of hamster nucleic acids showed that the solutions contained only substances absorbing in the UV part of the electromagnetic spectrum. The amounts of nucleic acids present were calculated from the absorbance at 260 nm, and also by comparing the intensity of bands seen in the neutral TAE gels with the intensity of known amounts of molecular mass standards in the same gels. The discrepancy between the two values thus obtained indicated it was unlikely that the scrapie-affected brain contained significant amounts of nucleic acids that did not migrate in TAE gels, but could be manipulated to migrate, and so become visible, in alkaline gels.
In the original publication, the 1"2 kb band seen in the ethidium bromide-containing alkaline gel before reduction of pH was paradoxically intense. In addition, the material in the band appears to be resistant to degradatioh in the alkaline preelectrophoresis incubation which, in the study reported here, degraded all types of nucleic acids examined. This suggested that the 1"2 kb band was a very unusual nucleic acid not observed previously, or was of a different chemical nature. In the present study, and in Narang (1993) , upon reducing the pH of the alkaline gels, a faint smear of low molecular mass nucleic acid became visible in both scrapie and normal samples. In the original work, a sequence was obtained for the scrapie material found in the gel at the 1"2 kb region but sequencing of the equivalent normal material was not done (Narang, 1993) . In the present study, the 1"2 kb band was not seen, and thus it has not been possible to repeat the sequencing. Therefore, it is not possible to state whether the sequence obtained originally was specific to scrapie-affected hamsters, or whether the 1"2 kb band was this cloned sequence or an artifact that co-migrated with DNA in this region of the gel.
The relative increase in DNA isolated from scrapie-affected animal brain is a commonly reported phenomenon and can be explained by the increased turnover of reiterated DNA (Kimberlin et al., 1974a, b) , and of acid DNase activity (Millson, 1965) . This, coupled with the degradation of DNA normally observed within dying and dead cells in a diseased animal, has led to a characteristic pattern of apparently scrapie-specific molecules in electrophoresis gels on some occasions (e.g. Hunter et aI., 1973) . Discrete patterns of degraded DNA have also been reported after electrophoretic separation of the DNA from cells undergoing necrosis or apoptosis (Bortner et al., 1995) . Although specific bands were not detected in the present study, it is possible that earlier studies (Narang, 1993) detected such a band which is therefore not novel to scrapie. Despite not being specific to the agent, a consistent observation of this type could form the basis of a diagnostic test, should it be detectable with low levels of infectious agent. However, in this study and the original Narang reports, nucleic acids were isolated from animals in the final stages of clinical disease when infectivity titre of the agent is maximal. Hence, even if reproducible, such an observation would be of limited diagnostic value.
In the light of the data presented above, using protocols that were as consistent as reasonably possible with those used previously (Narang et aI., 199I; Narang, 1993) , we conclude that we are unable to detect a scrapie-specific ssDNA 1"2 kb in length. Thus, it can be concluded that the scrapie-specific 1"2 kb ssDNA as reported by Narang (1993) is not a consistent component of the nucleic acids isolated from scrapie-affected hamster brains and therefore is unlikely to be scrapie-agent specific. Consequently, it is very unlikely to form the basis of a useful diagnostic test for scrapie or to cast any new light on its pathogenesis.
